In the Human Development Index (HDI), life expectancy is the only indicator used in modeling the dimension 'a long and healthy life'. Whereas life expectancy is a direct measure of quantity of life, it is only an indirect measure of healthy years lived. In this paper we attempt to remedy this omission by introducing into the HDI the morbidity indicator, "expected lost healthy years" (LHE), used in the World Health Report Though LHE is only weakly correlated with life expectancy and displays considerable variation across countries, the ranking of nations using the adjusted HDI is very similar to that from the HDI. Nevertheless, there are some outlier countries (including large countries like China and the United States) that experience notable changes in rank. Given the considerable variation in the morbidity data across gender, we also adjust the Gender-related Development Index (GDI) in a similar fashion. The ranking using the adjusted GDI is very similar to that from the GDI, but it has a lower rank correlation with the HDI.
Introduction
Being able to survive is of course only one capability (though undoubtedly a very basic one) and other comparisons can be made with information on health, morbidity etc. Sen (1989, p.11) The Human Development Index (HDI) was designed by the United Nations Development
Program (UNDP) in 1990 to be a simple measure of the availability of the essential choices needed for human development. Three essential choices or 'dimensions' are identified: (1) 'to lead a long and healthy life', (2) 'to acquire knowledge', and (3) 'to have access to resources needed for a decent standard of living'. In the HDI, each 'dimension index' respectively uses the following indicator variable(s): (1) life expectancy, (2) literacy and gross enrolment ratio, and (3) per capita gross domestic product (GDP). The HDI consists of an equally-weighted sum of the dimension indices based on each of these indicators.
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Though the HDI has arguably been successful in displacing per capita GDP as the standard measure for evaluating human well-being, it has not been without its critics.
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The use of the per capita GDP indicator variable has been criticized for not being a direct measure of capabilities and also for not considering inequality. The education dimension index has come in for criticism for not using a sufficiently informative indicator variable.
The UNDP has encouraged this constructive criticism and has responded with major revisions of the income and education dimension indices in the HDI. For example, an additional indictor, 'gross enrolment ratio', has been incorporated into the education index.
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In contrast, there are not many criticisms of the use of life expectancy in the HDI, and the dimension index has remained the same except for some adjustments in the goalpost values. Hicks (1997) focuses on the lack of inequality considerations especially in the longevity and education dimensions, and proposes a method to incorporate inequality in all three dimensions of the HDI. Anand and Sen (1994) provide a critical analysis of the role of life expectancy in the HDI. They discuss the possibility of modeling a higher upper bound (aspiration level) for female life expectancy since the evidence suggested that females on average live longer, ceteris paribus. The Gender-related Development Index (GDI) was introduced in the Human Development Report 1995. This index has the same components as the HDI but assigns females higher life expectancy bounds than males. Bardhan and Klasen (1999) criticize the GDI for not taking into account "an estimate of missing women in the estimate of gender bias in longevity" (p. 991).
This paper examines the adequacy of the use of life expectancy as an indicator for the ability 'to lead a long and healthy life'. Life expectancy in its role as a gauge of a 'long life' or longevity is arguably a good measure as it is directly derived from mortality patterns. However, life expectancy is supposed to do double service in the HDI and also proxy a 'healthy life'. According to Hicks (1997 Hicks ( , p. 1285 ), "to be sure, indicators of longevity do not reveal directly the health-quality of those life spans. It is possible to live 80 years in poor health, or to live 20 or fewer years in perfect health before some unexpected death. Life expectancy is, of course, an aggregate measure for a population as a whole; on average, persons living in societies with higher life expectancies do tend to be in better health. To live a significant -and healthy -life span is seen as both a necessary means to other ends and as a good in itself. This indicator points to the more essential element of this dimension -the expansion of "life opportunity"."
1
On the other hand, Wolfson (1996, p. 41) , claims, "they (life expectancy estimates)
provide no indication of the quality of life, only the quantity". He argues that a country may very well have high life expectancy but its older citizens may be living with various illnesses associated with old age, and hence may be experiencing a relatively low quality of life. To address the issue of health quality of life differing from quantity of life, this paper empirically examines whether the inclusion of a measure of health in the HDI would yield a different ranking of nations.
The measure of health we focus on incorporating in the HDI is an indicator of morbidity.
We focus on morbidity because it provides information on health status given patterns of mortality. We also focus on morbidity because there has been a tremendous amount of applied work done starting in the 1990s associated with the Burden of Disease Project (2002) that attempts to carefully assess the magnitude of morbidity associated with different health conditions and to develop an overall aggregate measure of morbidity that is comparable across countries. This aggregate morbidity measure is called "expected lost healthy years", denoted LHE. As explained in the World Health Report 2004, LHE "is the expected equivalent number of years of full health lost through living in health states other than full health". 4 We compare the rankings of nations by LHE and life expectancy and show that they are very different. Thus, LHE is a potentially useful indicator variable to be incorporated in a modified index.
To develop a modified human development index, we incorporate both LHE and life expectancy in the dimension index that is meant to capture the ability 'to lead a long and healthy life'. Thus, our dimension index includes both a mortality indictor (life expectancy) and a morbidity indicator (LHE We also consider a modification of the Gender-related Development Index (GDI)
following a similar reasoning as with the HDI. The LHE data show that it is consistently higher for females compared to males for all countries in our sample. This variation across gender provides us with another motivation for including morbidity data into the 3 GDI. The impact of such modification on rankings of countries is similar to what we observed with HDI LHE .
This paper proceeds as follows. Section 2 briefly describes the morbidity measure 'expected lost healthy years', LHE, and how it can be used in constructing new indicator variables which have both mortality and morbidity information. Section 3 develops the modified index HDI LHE and examines how it ranks nations. Section 4 extends the analysis to consider the alternative modified index HDI HALE . Section 5 considers the GDI and studies the rank changes associated with the incorporation of morbidity data into GDI. Section 6 concludes by discussing the value of including an aggregate morbidity indicator in such indices.
Indicators of Mortality, Morbidity, and a Long and Healthy Life
Life Expectancy (LE). Life expectancy at birth is defined as the number of years newborn children would live based on current rates of mortality. The particular life expectancy measure used in the HDI uses data from the United Nations Development The LHE is constructed without discounting the future and without weighting age groups differently. The construction reveals that LHE is measured in expected years.
LHE is the successor to related aggregate measures such as 'quality adjusted life years' (QALY), and 'disability adjusted life years' (DALY). Like LHE, these previous measures are constructed from cause category YLDs. Criticisms by Hanson (1997, 1998) and Arnesen and Kapiriri (2004) of the earlier measures relating to time discounting and weighting groups by age, do not apply to LHE. However, they have three criticisms of the use of disability weights as a basis for allocating scare resources.
First, there is no provision for establishing equity amongst different sub-groups in the population. Second, the measures on their own fail to incorporate relevant trade-offs with other choices for improving health (e.g. education). Third, the choice of weights is subjective and sensitive to different inputs. Roberge et. al (1999) assess the history of attempts to find morbidity measures that are comparable with life expectancy and find LHE the least problematical. In this paper, we concentrate on LHE both because it is the leading morbidity indicator and one that attempts to carefully assess the magnitude of morbidity associated with many different health conditions. Also, given that the UNDP (2009) Indicator ( As LE is already contained in the HDI, using a new indicator LLHL instead of LE will only yield different results to the extent that LHE matters. Figure 2 plots these two variables that make up LLHL. The variables are clearly positively but imperfectly correlated. To compare how the two variables rank nations, we calculate the Spearman rank correlation coefficient and obtain a value of .3937, which suggests a weak correlation. This provides support for Wolfson's (1995) argument and contradicts Hicks'(1997) claim that "persons living in societies with higher life expectancies tend to be in better health" (p. 1285). Our sample has 175 countries and we can statistically test and overwhelmingly reject that the variables are either independent or perfectly correlated.
10 Recall that LHE is subtracted from LE in forming LLHL. Thus, the fact that the variables are positively correlated means that there is a greater potential for LLHL and LE rankings to differ.
Similarly, we can examine the two components, LE WHO and LHE, which comprise HALE. We find that the Spearman rank order correlation coefficient between LE WHO and LHE is 0.3977. This value is very similar to the one above and only reflects the fact that we are using different life expectancy data. Again using our sample of 175 countries, we can statistically test and overwhelmingly reject that the variables are either independent or perfectly correlated.
Using both the LLHL and HALE series we now turn to constructing our modified human development indices. In our construction in the following sections, HDI LHE and HDI HALE differ only in that they incorporate different life expectancy measures. We look at both measures in order to isolate the impact of the additional use of morbidity data from that resulting simply due to the use of different life expectancy data.
Incorporating Equivalent Healthy Years Lost into the Human Development Index
Recall that the dimension "to lead a long and healthy life" in the HDI is modeled with the indicator LE in a life expectancy index. We denote this index LEindex. It is currently constructed in the HDI as follows:
LE 25 LEindex 85 25
The LEindex is an 'achievement' index with a lower bound goalpost of 25 years and an upper bound goalpost of 85 years. The choice of goalposts has varied over the years.
Initially, the goalposts were the minimum and maximum values found in the data. Then the minimum value of the goalpost was set at 35 years and the maximum value was fixed at 85 to allow for intertemporal comparisons. Subsequently, the lower bound was decreased to 25 years, since life expectancy had fallen below 35 years in some African countries hit by the AIDS crisis. In our sample of 175 countries in 2002, Zambia has the lowest life expectancy at 32.7 years, which is below the previous minimum of 35 years but well above the current lower bound of 25 years. Japan has the highest life expectancy at 81.5 years.
In replacing the dimension index for LEindex, we use the composite indicator LLHL (= LE -LHE). We form the dimension index as follows:
LLHL 25 LLHLindex 85 25
This formulation simply replaces LE with LLHL in the achievement index without changing the goalpost values. In our sample of 175 countries in 2002, Zambia still has the lowest value for LLHL, now 27.6, and Japan still has the highest value, now 74.9.
These respective values are well within the goalpost values of 25 and 85. Zambia has one of the lowest values of LHE at 4.8 and, hence, the lowest value of LLHL does not fall by as much as the average value of LHE, which is 8. An advantage of not changing the form of the achievement index is that we can isolate the changes as originating solely from the introduction of the new indicator.
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Using LLHLindex, the modified HDI is then recalculated as follows:
where the GDPindex and Edindex are the other dimension indices found in the original HDI. To analyze the impact of the modification on the rankings of countries 12 , we first calculate the Spearman rank correlation between the HDI and HDI LHE . The rank correlation is very high and is equal to 0.9989, which means that the rankings will generally be in the same direction and there will not be much change in ranks. 13 The most dramatic gainers were China (+11), Zimbabwe (+8) and Lesotho (+8). 14 The maximum drop in ranks was by 5 and the countries in that list were Jordan, Paraguay, Pakistan and Sudan. Still overall, the change in the ranking of nations is relatively small. We now turn to see if using HALE as an indicator gives similar results.
A Modified Development Index with Healthy Life Expectancy (HALE)
An indicator of health that includes information on both mortality and morbidity is the HALE. In the World Health Report 2004, HALE is described as "the equivalent number of years of full health that a newborn can expect to live based on current rates of illhealth and mortality". HALE appears to nicely fit the description of an indicator for a 'long and healthy life' and we will use it here in developing an alternative modified development index denoted HDI HALE .
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In particular, we consider HALE as an alternative indicator variable to our previous LLHL indicator, which also captured mortality and morbidity. We form the dimension index for 'a long and healthy life' as follows:
HALE 25 HALEindex 85 25
This formulation is the same as above except that HALE replaces LLHL as the indicator in the index. Again, the goalpost values are unchanged from those in the original HDI.
We find that the sample minimum HALE value is 28.56 years and the sample maximum show a rank change that is greater than 5 in absolute value. It is interesting to note that even with a simple change in data source for life expectancy, we see some large swings in rank between the HDI and this modified version of it. For example, we see the following large rank changes :Azerbaijan (-14), Dominican Republic (+11), Grenada (+15), Paraguay (+11), Kenya (+10), Lebanon (-13), and Turkmenistan (-10). The mean of the absolute value of the rank change is 2.80. We also calculated the rank correlation between HDI and HDI WHO and found it to be 0.9968. These results suggest that it is the different measures of life expectancy that are responsible for most of the difference between the rankings of HDI and HDI HALE . on the other hand, uses a multi-parameter equation system with region-specific standards (Murray et al., 2000) . These life tables incorporate data that are collected from the ongoing survey systems developed by the WHO. 16 The fact that using a different life expectancy in the human development index yields larger variations in rankings than including LHE suggests that including morbidity information, as a practical concern, is not the first issue for concern.
A Modified Gender-related Development Index (GDI)
While examining LHE values, disaggregated by gender, we find noticeable differences across gender, with LHE for females being higher than that for males for each of the 175 countries for which we have such data. The average value for females is 8.89 years and that for males is 7.16 years with an average difference of 1.73 years or 24%. We do not know of any intrinsic biological explanation that might explain such a large difference.
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Given that the UNDP created the GDI in 1995 to capture variations across gender, it is useful to investigate the implication of modifying the GDI with LHE data.
Like the HDI, the GDI is an equally weighted sum of the three dimension indices. It differs from the HDI, in three ways. Each dimension index includes a female sub-index and a male sub-index. The functional form of the dimension index incorporates a degree of inequality version. Finally, the health and long life dimension index has asymmetric life expectancy bounds as found in the respective female and male sub-indices: -5) . It is interesting to note that China which experienced large gains in HDI rank with the inclusion of LHE only gains 2 ranks when the GDI is modified with the morbidity information.
Conclusion
A weakness in the implementation of the human development index (HDI) is that the dimension index that is meant to capture 'a long and healthy life' is based solely on a mortality indicator, the life expectancy measure used by the UNDP. This measure of life expectancy (LE) is arguably a good indicator of the quantity of life but is only an indirect measure of a healthy life. To capture the quality of life given longevity, we consider 'expected lost healthy years ' (LHE), which is the leading morbidity indicator.
Aggregating the mortality indicator LE and the morbidity indicator LHE, yields an indicator which we termed 'long life and health life' LLHL.
We argue that it is appropriate to modify the HDI by simply replacing the LE indicator with LLHL in the index. We denoted this morbidity-augmented index HDI LHE .
Comparing the rankings of nations given by HDI and HDI LHE gives us a basis for assessing whether the added morbidity information matters. The ranking of a few countries change considerably (e.g. China gains 11 ranks and the United States loses 4 ranks). However, overall, we find that there is only a very minor change in the rank ordering of the series. Indeed, the changes associated with the inclusion of our morbidity indicator are smaller than those associated with simply using an alternative life expectancy series, one created by the World Health Organization (WHO).
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In our analysis, the inclusion of a morbidity indicator in the human development index did not substantially alter the overall ranking of nations. Of course, the generality of the result depends on whether there is a good alternative morbidity indicator to LHE, and whether there is a better way of including the indicator into the index. We cannot think of an alternative broadly conceived morbidity indicator. LHE is the result of a great deal of careful work in both collecting health data across health conditions and countries. It is also the outcome of a careful methodology that explicitly weighs and aggregates health conditions making allowance for country specific cultural differences. Further, given that LHE is measured in expected years, combining it linearly with life expectancy is the natural way to include LHE into the development index.
It is tempting to conclude that while modifying the HDI to include morbidity information is in principle an important extension, in practice it does not matter much. However, this conclusion would be premature. Our analysis is for one specific year 2002. In the future, the LHE variable might contain more variation (from the spread of new life sustaining medicines and methods), which would make it more relevant. Secondly, though the LHE morbidity indicator does not move the index much, it does add information to the index.
Given that the dimension "a long and health life" has only one-third weight in the HDI, it is perhaps not surprising that adding a second indicator to the dimension fails to alter the relative rankings substantially. Finally, including morbidity into the HDI provides balance to the index. With the inclusion of an indicator for health, policy makers can 21 better gauge the state of development and use potential improvements in the index as a guide in trading off expenditures towards the competing development goals.
The argument for modifying the Gender-related Development Index (GDI) is perhaps more compelling. Given that morbidity, as measured by LHE, is consistently higher for females compared to males in our sample for no obvious reason, it makes sense to include this gender variation information in the GDI which was created to take into account gender differences in the first place. Indeed, the innovation of the GDI (apart from inequality aversion by gender) was to modify the dimension for a long and healthy life to represent intrinsic differences between the genders. Including a "healthy" component in this dimension is consistent with this aim especially when there are obvious differences between the genders in terms of healthiness. Whereas including a health component makes relatively little difference to the GDI ranking, the adjusted GDI has a lower rank correlation with the HDI. This morbidity adjustment to the GDI helps to conceptually and empirically distinguish it from the existing HDI.
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